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K MEXAHUM3MY YCKOPEHUA UOHOB PEJIATUBUCTCKUM JJIEKTPOHHBIM
ITYYKOM

O.C. Benoszepos, C.A. lanvko, C.A. Xpomoeg
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Hecmotpst Ha aimTensHOE BpeMs, IPOLIEAIIee ¢ BBIXOAA HEePBBIX PaboT IO YCKOPEHHUIO HOHOB JIEKTPOHHBIM ITyYKOM, HH)KEKTHPYEMBIM B
BaKyyMHYIO Kamepy, 10 CHX 0P HET OJHO3HAYHOH TEOPETHYECKOH MOJEIN 3TOTO SBICHUS. DTO OOBSACHAETCS HAIMYHEM Pa3sHOOOPa3HBIX
(M3NUECKIX MPOIIECCOB M HEYCTOWYMBOCTEH, BO3HUKAIOIINX B 00JIACTH Iy4OK—IUIa3Ma—BaKyyM M MPUBOIIINX K Pa3INIHBIM HHTEpIIpe-
TalMsAM SKCIICPUMEHTOB 10 YCKOPECHHIO HMOHOB. B JaHHOH cTaThe NMPHBEAEHBI PE3yibTaThl SKCHEPHUMEHTOB Ha reHeparope «Karpa»
(I=100—150 kA, U =250 kB, t= 80 Hc), IIc aHOIOM CIIY’KHT TOHKast (poJIbra, B KOTOPBIX OBLIO BBISBJICHO, YTO JIBA Pa3HBIX MEXaHH3Ma
YCKOPEHHS HOHOB aCCOLMUPYIOTCS € IByMsI Pa3HBIMH 00JNacTAMHU. B BBICOKOBOJIBTHOM AMO/E YCKOPEHHE OT KaTo/ia K aHOy HHULMHUPYETCS
CKAa4KaMM TOKa NPOBOJAUMOCTH, & JIPYroe — 3a aHOIHOM (hOJIbIOl B CTOPOHY BUPTYaJIbHOTO Karoaa. Onupasck Ha U3BECTHBIE TEOPHH, 00b-
SICHSIIOIIIME HEKOTOPbIe 0COOEHHOCTH YCKOPEHHSI HOHOB B YCIIOBHSIX, OJIM3KMX K HAIIMM 3KCIIEPHMEHTaM, ¥ Ha NIPOBENEHHEIE B 3THX JKCIe-
PHMMEHTaX U3MEPEeHHs1, ObUTH ONpeeNIeHbI HAaOOoIee BePOSTHBIE (PM3NUECKUE NPOLIECChI, HPUBOJIAIINE K YCKOPEHHIO HOHOB.

KiroueBnble ciioBa: pCJ'IHTI/IBI/ICTCKI/Iﬁ BHCKTPOHHLIfI IIY4YOK, r€HEpanusd HOHOB, MEXaHU3Mbl YCKOPECHUSA HOHOB.

ON THE MECHANISM OF ION ACCELERATION BY A RELATIVISTIC
ELECTRON BEAM
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Despite the long time passed since the publication of the first studies on ion acceleration by an electron beam injected into a vacuum
chamber, there is still no unambiguous theoretical model of this phenomenon. This is explained by the presence of various physical pro-
cesses and instabilities that arise in the beam-plasma-vacuum region and lead to different interpretations of ion acceleration experiments.
This paper presents the results of experiments on the «Katran» generator (I=100—150 kA, U=250 kV, t=80 ns), where a thin foil serves
as an anode. It was revealed that there are two different mechanisms of ion acceleration associated with two regions of the high-voltage
diode. One acceleration process occurs in the high-voltage diode from the cathode to the anode, and another - behind the anode foil to-
wards the virtual cathode. Based on the well-known theories explaining some features of the acceleration of ions under conditions close
to our experiments, and on the measurements carried out in these experiments, the most probable physical processes leading to the accel-
eration of ions were determined.
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BBEJAEHUE

Hauwunas ¢ 1967 r., nosiBisirorcst paboTsl [1, 2] M0 yCKOpEHHI0 HOHOB 3JIEKTPOHHBIM MYYKOM, PE3YJIbTAThI
KOTOPBIX HEOJHOKPATHO BOCIPOM3BOJMINCH U MOATBEPKIAIMCH B Pa3IMYHBIX Jlaboparopusax. Tem He MeHee,
HECMOTPS Ha JUTMTEIILHOE BPEMSI, MIPOILEIIee ¢ BBIX0O/a MEPBHIX paboT, 0 CHX MOp HET OJHO3HAYHOM TEOopeTH-
YeCKOH MOJIENTN YCKOPEHHS HOHOB B JIEKTPOHHOM MYYKe, HHKEKTHPYEMOM B BaKYyMHYIO Kamepy. JTo o0bsc-
HSIETCS HAJIMYMEeM pa3HOOOpa3HbIX (PU3MYECKHUX MPOIECCOB M HEYCTOMYMBOCTEH, BOZHUKAIOIINX B 00J1aCTH My-
YOK—IUTa3Ma—BaKyyM U MPUBOISIIIX K Pa3IMYHBIM HHTEPIPETAIUSIM SKCIIEPUMEHTOB 110 YCKOPEHHIO HOHOB.

IlepeuncnuM Te M3BECTHBIE MOJETH YCKOPEHHUS MOHOB, KOTOPHIE COOTBETCTBYIOT YCIIOBHSIM IPOBEICHHUS
JKCIIEpUMEHTOB Ha reHeparope «Karpam»: | =~ 100—150 kA, U = 250 kB, t = 80 Hc, naBieHHEe OCTATOYHOTO
BO3/yXa B BBICOKOBOJIbTHOM JIMOJIE U BHE €r0 MEHEE 10 Topp. Pa3o0bpéM ux Ha ABe rpymmbl. B mepBoit ycko-
pEeHHE MPOUCXOJHUT B 3aaHOJHOM OOJIACTH, OTIENEHHON OT aHoJa MPO3PaYHON JUIsl DIEKTPOHOB (HOIBIOWH, BO
BTOPOW — B KaTOJA-aHOJJHOM IPOMEXKYTKE.

B mpocTpaHCcTBE BHE KaTOJ-aHOIHOTO 3a30pa HAOI0JaeTca KOJJIEKTUBHOE YCKOPEHHE NOHOB PEIISITHBHUCT-
CKHMM 3JIeKTpOHHBIM ITydkoM (POII), coznarommm B BakyyMe BUPTYaNIbHBIH KaTox. /11t omucaHus 3Toro siBie-
HUS OBLT MPEIOKEH psill pu3ndecKknx mMoaenei [3—7].

CornacHO MoIeNH, TpeUIoKeHHO# B [3], pacmpocTpaHeHHe IJIEKTPOHHOTO MyYKa B BaKyyMe 3a aHOIHOU
($oNBroii BRITSIIUT clenyomuM oopasoM. [lpu npoxoae sneKTpoHaMu NPO3pavyHOro Ui HUX aHoJa oOpa3yer-
Csl BUPTYaJIbHBIH KaTOA, OT KOTOPOrO 3JEKTPOHBI, B OCHOBHOM, OTPa)KAIOTCsI OOpaTHO B aHOAHYIO Iazmy. OT-
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puIaTeNbHas MOTCHIMAIBHAS SIMa, CBS3aHHASI C BUPTYaIbHBIM KaTOIOM, IMEET HEKOTOPYIO CPETHIOI0 TITyOHHY
HOpSAAKA HAPSDKSHUS B IMOJIE TEHEPaTOpa M KOJIeOIeTCs B MPOCTPAHCTBE U BPEMEHH C YaCTOTOH, CPAaBHUMOM C
9aCTOTOH MOAYJISINHU TUIOTHOCTH 3JIEKTPOHHOTO «Ta3ay. [10M0XHUTeTbHbIE HOHBI U3 TUIa3MBbl YCKOPSIIOTCS 9TOM
MOTEHITHABHOM SIMOH JI0 CpeaHe KHHETHYECKOW SHEPTHH, MPUOIU3UTENLHO PaBHOW SHEPTUH SIIEKTPOHOB, YM-
HO’KEHHOM Ha 3aps MOHA. B mporecce 3TOro yCKOpeHHs! yCTaHAaBIMBACTCS BOJHA HOHOB, KOTOpasi, HEUTpau-
3ysl 3apsi/t AIEKTPOHOB ITydKa, NepeMeIaeT BUPTYalbHBII KaTol Ha HEKOTOPOE paccTosHKUE Brepén. JIBmkenne
BUPTYaJILHOTO KaToJa OT IIOCKOCTH WH)KEKIMU BJOJb HANPABICHUS YCKOPEHMS NMPUAAET YCKOPSIEMBIM HOHAM
CYILIECTBEHHYIO JIOJIF0 KHHETHYECCKOM YHEPrHU. 3aTeM BUPTYANIbHBIH KaTOJ BO3BpAIACTCS B HAYaJIbHOE MOJIO-
YKEHHUE OKOJIO TNIOCKOCTH MHKEKLIUH, TaKe KOTAa ()POHT HOHHOTO ITyYKa PaclpoCTPaHIETCs AANbIIIE 10 MOTOKY.

Mopens, npemioxeHHas B [4, 5], Ha3bIBaeTcs ra30MHaMU4ecKOi. 110 3TOM MOIETN MPU WHKEKIIUH DIICK-
TpOHOB B 3adonbroBoe mpoctpaHctBo POIT ¢ TokoMm, mpeBbIIalomuM aab()BEHOBCKHN, (OPMUPYETCS BUPTY-
QIIBHBIA KaTOJl U HAYMHACTCSl OCLMIUIALMS 3JICKTPOHOB B 00JIACTH KAaTOJI—BUPTYyalbHbII KaToa. [I0TOK HOHOB,
YCKOPSIIOIIUXCSI B CTOPOHY BHPTYaJIbHOTO KaTO/a, IPHBOAUT K PACIIMPEHHUIO IUIA3MEHHOTO 00Jiaka, B KOTOPOM
OCIIMJUTUPYIOT JIEKTPOHBI. [Iporiecc ycKOpeHusi BhIpaXKaeTcs B TEPMUHAX DJICKTPOHHOTO ra3a, KOTOPBIA Mpu
paclupeHny OTHAET CBOKO 3HEPTUI0 HOHaM. MaKCUMalIbHAsI SHEPTUs HOHOB PACTET, OrPAHUUYUBAACH B PEIATU-
BUCTCKOM ciy4ae 3HaueHueM SE.Z;, rne E, — sHeprus anekTpoHoB; Zi — 3apsiji HOHOB.

Mo cuenapuro MozieNny HeCTAIIMOHAPHOH TTyOOKOH MOTEHIUATBLHON SIMBI C MAJIBIM BpEMEHEM >KU3HH, Mpe-
JoxeHHoi B [6, ¢. 190], mociie 6oMOapIupoBKU aHOIHO# (OJIBIU TPH TOCTHKESHUH 3apsiIOBOW HEUTpaTU3aUH
MYYOK AJIEKTPOHOB HAUYMHAET CTATHBATHCS COOCTBEHHBIM MAarHUTHBIM ITOJIEM K OCH M JOPMHUPYET BUPTYaIbHBIH
KaToJ. BBuay oTpakeHHs OT HEro 4acTd TOKAa K aHOIY TIPOUCXOMAAT YMEHBIICHHE MOJHOTO TOKa B 00MacTw
aQHOJ—BHPTYaJbHBIA KaTOJ, TCHEpalXsi BUXPEBOW 3.]1.C. U YCKOPEHHE AJICKTPOHOB 10 OONBIINX JHEPTHii, 3a
KOTOPBIMHU TAHYTCS MOHBI.

B kaTon-aHOHOM 3a30pe YCKOPEHUE MOHHBIX CI'YCTKOB MOXKET OBITh OMUCAHO MOJIEIbI0 bapeHrosbua u jp.
[8, 9] mnm monenbio [TarHema o nepetsoxke [10].

Mopens, npeioxenHas B [8, 9], sBisercs mpogomkeHreM padot [2] mo uccie0BaHUI0 YCKOPEHHS HOHOB
B BaKyyMHOM pa3psiie. COrjiacHO 3TO# TEOPUH KaTOTHOE MATHO COCTOUT M3 OTICIBbHBIX SIYEEK — B3PHIBOAIMUC-
CHOHHBIX IIEHTPOB, UCITyCKAIOIIMX MOPLHIO DJIEKTPOHOB, Ha3BaHHYIO AKTOHAMH. DYHKIMOHUPOBAHHE JKTOHA
CONPOBOJK/IACTCS pa3pyIICHHEM ydacTKa IMOBEPXHOCTH KaTo/a, 00pa30BaHHEM Ha €ro Mecte Kparepa, MOsBie-
HHEM CTPYH M Kalellb JKHAKOTO METajlla, MOTOKOB MOHOB M 3JIEKTPOHOB. JITUTENFHOCTH SKTOHHOTO HpOLEC-
ca — JTO EAMHHIBI—/IECITKA HAHOCEKYH/. DKTOHHBI MEXaHW3M T'e€Hepally KaTOJHOW IUIa3Mbl B MCKPOBOM
CTaJMU BaKyyMHOT'O pa3psja NMPHBOIUT K KOJeOaHUSM TOKA M POCTY MOTEHIMAla HA TPAHUIIE IUIa3MEHHOTO
CIIOS KaTOIHOTO (pakesa 10 3HaAYCHUH, CPAaBHUMBIX C IIPUIIOKEHHBIM HANPsDKEHHEM. B CBS3M ¢ 9TUM BO3HHMKAIOT
YCIIOBHS U1l 00pa30BaHMs TITyOOKOH MOTEHINATBHOM MBI BO B3PHIBOOMUCCHOHHOM JIO/IE U TIOSIBJICHUS BBICO-
KOYHEPTUYHBIX MOHOB, JBIDKYIIUXCS 32 KaTOAHBIM (pakeroM — OT Katoaa K aHoxy. IIpomecc oOpa3oBanus u
pa3pyleHus rIyOOKOH sIMBI MOXKET TOBTOPATHCS, IPUBO/IS K MHOTOKPATHBIM BCIIECKAaM TOKA W UMITYJILCHBIM
HOTOKaM yCKOPEHHBIX HOHOB. B pa3HbIX (azax pa3pymeHuns sMbl HOHBI ABHXKYTCS KaK B CTOPOHY aHO[a, TaK U K
katoay. Takas cuTyanusi o4eHb OJM3Ka K MOJHOMY pa3pbIBY ITa3Mbl 1 BOSHUKHOBEHHUIO OOJBIINX MaJCHUH 110-
TEHIMaJIa Ha KOPOTKUX paccTosiHusX [11]. OcobeHHOCTh paccMaTpuBaeMOro MpoIecca COCTOUT B TOM, YTO pas-
PBIB TIa3MbI 03HAYAET «BBIPHIBAHUE» DJICKTPOHOB U3 TPaHUYHOI 00nacTH (akena u oOpa3oBaHHe Ha KOPOTKOE
BpeMsl 3apsDKEHHOM IIIa3Mbl — IUIOTHOTO MOHHOTO CTYCTKa Ha €ro rpaHuie. BBICOKHI TOTEHIHAN B TpHUrpa-
HUYHOW K (PpOHTY 00JacTH 0OecrevynBaeT TOK SJICKTPOHOB, 3HAYHUTEIBHO INPEBBINIAIOMINI JICHTMIOPOBCKHI
npee MpoMexyTka GpoHT (aker—aHo/I.

Mopens [10] cBszaHa ¢ ABMKEHHEM JIOKAJIbHOW MEPETSHKKH DIICKTPOHHOTO ITy4Ka BIOJIb ocu. OHa 3aKJIro-
4aeTcs B TOM, YTO M3-3a HEPABHOMEPHOI'O 3aIOJIHEHUS MEXIJICKTPOJHOTO 3a30pa IUIa3MOH BMECTE C Maloi
KOHIICHTpAIMEil HOHOB 00pa3yeTcs MepeTsikKKka — 00JIaCTh CHKATHS ANIEKTPOHOB. M3-3a 3TOTO B JaHHO# 00MacTH
BO3pAcTaeT IUIOTHOCTh DJIEKTPOHOB W BO3ZHHKACT MPOIOJILHOE IICKTPOCTATHYECKOE TI0JIE, KOTOPOE YCKOPSEeT
HNOHHBIC CTYCTKHU B HAIIPAaBJICHUUN JBUXXCHUA JJICKTPOHOB. B PEIYILTATE USMEHCHUA MHAYKTUBHOCTHU IIPU CiXKa-
THH Ty4YKa TOSBISETCS TOMOJIHUTEIBLHOE TPOI0IbHOE HHAYKIIMOHHOE T0JIe. DTO MOoJie JEUCTBYET Ha 3JICKTPOHBI
B IIPOJOJIBHOM HAIIPaBJICHHWH, YTO IMPUBOJUT K IMEPEMCUICHUIO NCPETAKKH 1O HAIIPABJICHUIO IABUXXCHUSA DJICK-
TPOHHOTO MyYKa U JIaJIbHENIIEMY YCKOPEHUIO HOHOB.
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O0e MoJIeNn CXOMISATCS B TOM, YTO YCKOPEHHE HOHOB B BBICOKOBOJILTHOM JIHO/IE TIPOUCXOJUT B PEXKHUME KO-
POTKHX MMITYyJIHCOB B MOMEHTHI BOHUKHOBEHHS MEPETSHKKH HITH pa3pbiBa TOKA MPOBOJUMOCTH, IPUBOJISAIINX K
MOSIBIICHUIO BUXPEBOTO 3JIEKTPUUECKOTO TOJIsI, 3HAYEHUE KOTOPOTO MOYKET MHOTOKPATHO TPEBBIIATH TOJIE, pa3-
BHBaeMOE T€HEPATOPOM.

SKCIHEPUMEHTAJIBHASA YCTAHOBKA U PE3YJIBTATBI DKCHHEPUMEHTOB

B pamkax uccrefoBaHH M0 YCKOPEHHUIO HOHOB OBLTH MPOBEACHBI SKCIICPUMEHTRI Ha CHIIBHOTOYHOM T'eHe-
parope «Katpan». Ha puc. 1 moka3ana cxema JHOJHOTO y3J1a IKCIIEPUMEHTA.
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Puc. 1. Cxema sxcnepumMenta: 1 — karox; 2 — aHoaHast (osbra; 3 — BHPTYyalbHbINH KaTox; 4 — komutuMarop; 5 — BPJI; uncna Hag
pa3MepHBIMHU JIMHUSAMH YKa3bIBAIOT PACCTOSHHE B CM

DIIEKTPOHHBINA My4OK T€HEPUPOBAJICS B BAKYYMHOM BBICOKOBOJIBTHOM AHOJIE C JIEKTPOHHOM aBTOAMUCCUEH
1—2, B KOTOPOM aHOAOM 2 OOBIYHO CITy>KWJIa TIpO3padHasl Uil PENSITHBUCTCKHX 3JIEKTPOHOB ATIOMUHHEBas
¢donbra tommuuon 10 MxM. JlaTyHHBIH KaToa uMen GopMy yceuEHHOTO KOHyca ¢ YriIyOJIeHHEM W THaMeTpoOM
cpe3a, paBHBIM 3 MM, MEKIIEKTPOIHBIN 3a30p cocTaBisti ~7,5 mm. Ha ynanenuu b ot aHoaHO# ¢Goasru pasme-
ascs JaTyHHbIN Komumarop 4 qnuaoit 8—16 mM. Lnnuaapuyeckue oTBepCTHS TMaMETPOM 2,2 MM B KOJUTH-
MaToOpe pacloiarajiuch Ha yAaJlleHUH 3 MM JIpyT OT Apyra 1o o6enM MpsMOYToJbHBIM KOOpAuHaTaM. Pasmepsr
KOJIJTIMATOpa BHIOPAHBI TAKMM 00pa3oM, YTOOBI IIOMEMIATh PACTIPOCTPAHEHHUIO AIEKTPOHHOTO Ty4Ka 3a (OIbry
M TEM CaMbIM JTHOO YCTPaHUTHh 00pa30BaHUE BUPTYAIBHOTO KaToJia 3a (OJBroi, TMO0 OTPaHUYUTh AUCTAHITUIO,
Ha KOTOPOW BHPTYaJbHBIA KAaTOJ MOT YCKOPSTh HOHBI. [I0CKOJIbKY paHee MPOBEAEHHBIC SKCIICPUMEHTHI [12—
14] nokasainu, 4To yriioBas pacXxoJMMOCTh HOHHOTO ITyYKa COCTaBIIseT ~2°, TO KOJUIMMATOP TAaHHOW T'eOMETPUU
MO3BOJISIET MPOMYCKATh Y3KOHAIPABIECHHBIE YCKOPEHHbBIE HOHBI K AETEKTOPaM, KOTOPBIMHU CITYKHJIM BaKyyMHBIE
pentrenoBckue nuoel (BPJ]) 5. DHeprust oTaenbHBIX CTYCTKOB HOHOB 32 KOJUTMMAaTOPOM OMNpEeNsiiach BpeMsi-
MPOJIETHOM TUATHOCTHKOM MO0 M3MEPEHHIO CKOPOCTH MX JIBIKEHUS Ha M3BECTHOH Oase.

Emé onna nmapa BP/] ucnonbs3oBanack Uisi U3MEPEHUST TEMIIEPATYPhI INIOTHOM IUIA3MBbI, MOJIYYEHHOW NpU
HarpeBe aHoMHOU (HoNbru c(hOKYCHPOBAHHBIM AJIEKTPOHHBIM ITYYKOM, TI0 HHTEHCUBHOCTH BaKyyMHOTO yIIbTpa-
¢uoneroBoro m3nydenus [15, 16]. Ipearnonaras TeMneparypy Bcell MOBEPXHOCTH M3JIy4aTessi MOCTOSHHOM, e€
MOJKHO BBIYHCIIUTH MO0 OTHOIIEHHIO CHUTHAIIOB JIBYX JIATYUKOB: 0e3 GUIIbTpa U ¢ PUIBTPOM, TOK KOTOPBIX OIH-
chIBaeTcs GopMyInoit

1(T)=Geff F(\, T)y(Wexp( —IT(M)d)dA,

ucr v~ 1at

rae F(A, T) — cmextp (pOTOHOB YEPHOTEIBHOTO M3ITyUSHHS; € — 3aps dJeKTpoHa; G = — IreOMeTpHU-

2nl?
deckuii (haKTop; Suer — IUIOMIAAD H3AYJAOMIeH MOBEPXHOCTH, S, — IUIOMAAb AaT4rKka; | — paccrostHue OT
U3JTyyartels 10 JaT4hKa; Y — KBaHTOBbIH BbIXxo. (horokarona; d — tomnmmua GpuibTpa. B kavectBe GpuiibTpoB
ucnonb3oBauch ToHkHe 100 HM ruiéHkn u3 HUTpouemwono3sl (CsHgN,Og), momydaronpecss Ipu BBICHIXaHUU
pacTekiiericss Ha IOBEPXHOCTH BOJIBI KaIllK [aroHiaka. [1ormomenue n3ryuyeHnsi COOTBETCTBYET SKCIIOHEHTE C
noKazaTeseM
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TG = D g (1),

B KOTOPOM MHOXMTEJU N YUUTHIBAIOT IOTOHHYIO IJIOTHOCTH ATOMOB DPAa3JIM4YHBIX 3JIE€MEHTOB B BELICCTBE
¢unptpa, i — ko3ddunment nornomenus. Ha reaeparope «Karpan» n3mepeHHast Temmeparypa miasmbl co-
cTaBisia 2—3 5B, yTo B paMKax yJapHO-H3Iy4aTeIbHON MOJIENN MO3BOJISIIO Y3HATh 3apsAj YCKOPSIEMbIX TSDKE-
JIBIX HOHOB, OTJIMYHBIX OT MPOTOHOB. PacuéThl mpoBoanmck ¢ momonipto koga FLYCHK [17].

[ToapoOHOE onKcaHKe BceX HCIONIb3YEMBIX B 3KCIICPUMEHTaX JMAarHOCTUK MPHUBEICHO B pabdoTax [12—14].

B Hammx mpeaplAymuX 3KCepuMeHTax ObUTH YCTAHOBJIEHBI CIEIYIOIINEe OCHOBHBIE CBOMCTBA KOJJICKTHB-
HOT'O YCKOpPEHHs1 HOHOB o1 Bo3aeiicTeueM POIT [12]:

— MakcUMallbHas YHEPrHs, MEPSHOCUMasi HIOHAMU 3a OJIMH IyCK reHeparopa, cocrasisier 0,1—0,35 JIx;
U3MepsIach TEMJIOBU30POM,;

— KOJINYECTBO MOCJIE0BATEIBHO YCKOPEHHBIX CI'YCTKOB MOHOB 32 OJMH MYCK JOXOJUT IO AECATKa, U 3TO
IpU OTPE3aHUN HU3KOIHEPTHMYHBIX HOHOB OT JETEKTOPOB BPEMSMPOIETHON JUATHOCTUKH (pUIbTpaMu. YTiioBas
pacxoIMMOCTh HOHHOTO ITyYKa COCTaBISIET ~2°;

— MaKCHMaJbHasi CKOPOCTh CTyCTKOB HOHOB JIOCTUTAET ~3 cM/HC (TIPOTOHHI ¢ 3Hepruen 522 k3B nBmxkyTcs
CO CKOPOCThIO 1 CM/HC);

— B ClIy4asiX, KOrJla OKa3blBalOCh BO3MOKHBIM OMPEJCIUTh COPT HOHOB IO MX MPOHHUKAIONIEH CIIOCOOHO-
CTH CKBO3b (PMIIBTp, ObLIa YCTAaHOBJICHA SHEPTHs TaKHMX MOHOB. MaKcHMallbHasi JHEPTHUS IPOTOHOB COCTABIISIIA
6 M»sB, nonos amomunus 27 MaB;

— 3apsa MOHOB aJIOMHUHUS COCTABIISUT 2—3, YTO OBUIO ONpEAETICHO 0 U3MEPEHHOH TeMIiepaType Qoibru
B MOMEHT Habopa CKOpOCTH;

— YCTaHOBJICHO C ITOMOILBIO BPEMANPOIETHON METOOUKH C (PUIbTPaMH, YTO B SKCIEPUMEHTaX CO3/aBa-
JIMCh YCIIOBUS U YCKOPEHHSI BCEX COPTOB aTOMOB, IPUCYTCTBOBABILUX B AaHOIHOW HArpys3Ke,;

— KOJIMYECTBO MOHOB B OTAENBHBIX crycTkax coctaBmsiio Ni = 5:10™°. OHo m3MepsIoch 1o BBIXOTY HOH-
ANEKTPOHHOM SMHUCCHH ¢ METAJNIMYECKOM oBepxHOCTH Katoga BP/I;

— MOJIHOE KOJNMYECTBO YCKOPEHHBIX HOHOB 33 OJMH MyCK TreHepaTopa goxoxuino 10 Ni = 5-10™. Omo BbI-
YUCISUIOCH TIO MOJHOM SHEPTUH YCKOPEHHBIX HOHOB (TEIUIOBH3MOHHAS JUArHOCTUKA) U UX CPEIHEH CKOPOCTH;

— TeHepanus HanOoJjee 3HEPrHYHBIX HOHOB, MPOXOISIIMNX CKBO3b TOJCTBIE (PUIBTPHI, COMPOBOKAACTCS
JIOKaJbHBIM yBennueHueM IutoTHocTd POIl Ha aHomHoOW (onbre, yTo OBUIO YCTAHOBIIEHO C ITOMOILBIO BpeMs-
paspeniaronieil meneBoi pa3BEPTKY;

— HMOHBI HAOUPAJIN CBOIO KOHEYHYIO CKOPOCTb 3a BPEMs, HE MPEBOCXOIAIIEE HECKOIBKO HC, IOKa CYIIECT-
BYET JIOKaJIbHAS MOBBIIIEHHAS IDI0THOCTH Toka POII Ha aHomHO# dobre.

[IpoBenéHHbIE HKCIIEPUMEHTHI B paMKax J1aHHOH
paboThl MOXKHO pa3feNuTh Ha JBE YacTH. B mepBoi
KOJUIMMATOp pacroJyiarajics BIUIOTHYIO K aHOXLY
(b =0), Tem cambiM He aaBas 00pa30BBIBATHCS BHP-
TyaJIbHOMY KaToAy B 3aaHOJHOM HPOCTPAaHCTBE, U
YCKOPEHHE HOHOB OBLIO BO3MOXHO TOJIBKO B 3a30p€
BBICOKOBOJIBTHOTO AMOJa. Bo BTOpoil wactu uccie-
JI0BAJiOCh BIIMSIHUE YAAQJIECHHS KOJIIMMATopa OT
aHOAHOW (ONBTH HA SHEPTHIO MOHOB 3a CUYET yCKO-
pEeHHUsI BHE KaTOJ-aHOJHOTO 3a30pa. XapaKTepHbIe

Curnan BP/I, otH. en.

ocummtorpammMel  (octmmmorpader - TDS 3054,
LeCroy-2I'T1) BpeMsIpoNETHBIX M3MEPEHHH ITOKa-
3aHbl Ha pHC. 2.

15 nyckoB, npoBen€HHBIX O0e3 3a3opa b, umenu B
KayecTBe aHOJa pa3UYHble aJIOMUHHEBBIE (OJBTH
tommuHoi 10 m 5—7 MxM. Bo Bcex myckax yBepeHHO
HaOJII0IaNNCh YCKOPEHHBIE HOHBI. MeanaHHbIe 3Haue-
HUS Emegian 3apEruCTpUpOBaHHON AATYMKAMHU SHEPrUU
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0 WSV
0 40 80
Bpewms, HC

Puc. 2. CurHanbl gaT4nkoB (BaKyyMHBIX PEHTT€HOBCKHX IHOJIOB)
BPEMANPOJIETHBIX U3MEPEHUH, yanéHHbIX Ha 142 ¢cM (— 1 —) U Ha
181 cm (—). Ilepen maTuymKoM, CHUTHAJI KOTOPOTO UMEET 3eJIEHBIM
[BET, CTOUT (DWIIBTP W3 HUTPOLEILTFON03b! TommuHoH 0,1 Mxm. [le-
pex IByMsi IPYTHMH CTOMT JIABCAHOBBIH (PUIIBTP TONIIMHON 3 MKM.
CaMble SHEepruuHbIe HOHHBIC CTYCTKU Ha OJVDKHUX JAaTYMKaxX OTMe-
YeHBI FOTyOBIMH IITPHXAaMH, HA JaTbHEM — KPaCHBIMHU
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WOHOB B CEPUU IIECTH MOCIEAO0BATEIbHBIX MyCKOB ¢ (onbroi ToamuHoi 10 MKM U cepuu u3 IEBSTH ITYCKOB C
¢omnbroii menpmen Tonmuuabl coctaBiaoT 200 u 470 kaB/HyknoH cooTBeTcTBeHHO. CpenHue 3HAYeHUs SHEp-
rud paBHBI cooTBeTcTBeHHO 460 u 970 x3B/HykioH. O0e mpencTaBICHHBIC XapaKTEPUCTHKH JUIS IMyCKOB C
¢onproit TommuHOI MeHee 10 MKM CyIiecTBEHHO OOIIBIIE, YTO CBUIETEIBCTBYET O TOM, UTO YCKOPEHHUE TIPOFIC-
XOAMT UCKIIOYUTENHFHO B 3230P€ BEICOKOBOJNIBTHOTO IMO/A, @ B (DOJIbre IPOUCXOANT TOPMOKECHNE HOHOB. B 3THX
JBYX CEpHUsIX MEIHaHHbIC 3HAUCHUS MEPECUNTAHHON SHEPIUU YCKOPEHHBIX MOHOB, el HEe MPOIICIINX CKBO3b
aHomHyI0 (Gombry, coctaBisiror 860 u 850 k3B/HykioH [18] cooTBeTCTBEHHO. DTH 3HAYECHHS MPAKTHYCCKH O~
HaKOBBIE, T.€. TAPaMETPHI ITyCKOB OBLTN JOCTATOYHO CTAOMIBHBIMH, U CpaBHEHHUE JIBYX CEpHUi OBLIO KOPPEKT-
HBIM.

U3mepeHHas 3HEpTHUs MOHOB MOCIE MPOXOXKACHUS aHOAHOM (OJIBI'H yKa3bIBaeT HA TO, YTO B IIyCKax Ha-
0JIF0TaNTUCh YCKOPEHHBIE TPOTOHBI. JTO HAOIIOANIOCH B OKCIEPUMEHTaX, KOTJa Mepea OAHOW U3 Map Baky-
YMHBIX PEHTT€HOBCKUX JUOJIOB yCTAHABIWBAINCH JIABCAHOBBIE (PHIIBTPHI TOIIMIMHON 2 MKM, KOTOPbIE HMEIOT
CJIeNyIoIie HUKHUE TPAHUIBI SJHEPTUHU Ul MPONyCKaHus pa3Heix atomoB: Ey = 180 k3B, EA = 1,2 MaB, a
nepej; Apyrod mapoi JTaBCAHOBBIX (PWIBTPOB TONIMHHOW 5 MKM c TpaHuneu sHeprum: Ey = 400 k3B,
Eal = 5,3 MaB. [Ipu u3MepeHHBIX CKOPOCTSIX aJIOMHUHUEBBI HMOHHBIH CTYCTOK JIOJDKEH MPOXOAHTH depes
00a ¢puiabTpa U PUKCUPOBATHCS BCEMH JaTUYMKaMH, OJTHAKO B YACTH IMYCKOB CUTHAJIBI (PUKCUPOBATUCH TOJb-
KO Ha JaTyhKaX C TOHKUM (UIBTPOM, YTO BO3MOXKHO TOJIBKO JUIsl MPOTOHOB ¢ 3Heprusmu oT 180 10
400 k3B, o6namaromux MeHbIIEH MPOHUKAIOMIEH CIOCOOHOCTHIO0. BOIopoa B dKCIIEpUMEHTE TOSBISAETCS U3
a7COpOMPOBAHHOTO CTEHKAMH BO3AyXa WM MOJEKYJSPHBIX CIOEB Macliia, KOTOpO€ MOKPHIBAET TOBEPX-
HOCTh BCEH BaKyyMHOH KaMephl 3a BpeMs OTKadyKH MapoMacisHbIM HacocoM. [lo yka3aHHBIM MpUYWHAM
HA0Op YCKOPSAEMBIX HOHOB MOXKET COCTOSITh M3 CleAyIoImux xumuueckux snementos: H, C, N, O, Al, Si,
Cu, Zn. TIpoGeru B naBcaHe 0oJiee TAKEIBIX, YEM MPOTOHBI, ATOMOB OJIU3KH K mpobery anmomunus. Ciaeay-
€T OTMETUTh, YTO CHUTHAJIBl BAKYYMHBIX PEHTTEHOBCKHX IMOJOB, CIYKAIIUX AaTYUKAMU BPEMSANPOIETHON
JUATHOCTUKHU, UMENU 3HAUYCHHs, O0oJee YeM Ha TMOPSA0K MEHBIINE M0 CPaBHEHHUIO C CUTHAJaMH B DKCIIEp U-
MEHTaxX 0e3 KoJutmMaTopa. DTOT (hakT MPOCTO OOBACHSAETCS, BAOOABOK K MPO3PavyHOCTH KOJUIMMATOPA,
OOJBIIINM YTIIOBBEIM Pa30pOCOM CKOPOCTEH MOHOB TOCIE B3aWMMOJEHCTBHS C BEHECTBOM aHOMHOW (hobru,
KOTOPBIIA HE IMO3BOJISIET HOHAM IIPOUTH CKBO3h Y3KHE OTBEPCTHS KOJLTUMATOPA.

PeHTreHOBCKHE M300paKEeHHUS, MTOJydyaeMble ¢ TOMOIIBI0 KaMephI-00CKYPBI U IEJIeBON pa3BEPTKHU, IO-
3BOJISIIOT OIEHHUTH pa3Mep nuH4Ya. Kamepa-oOckypa Aa€T yCcpemHEHHYIO MO BPEMEHH IUIOMAAb aHOIHOMU
($obru, Ha KOTOPYIO BO3JCHCTBYET 3JIEKTPOHHBIN nydok. llleneBas pa3BépTka Mo3BOJIIET HAOJII0IATh 3a
MOTMIEPEYHBIM pa3MEpPOM NHHYA C BPEMEHHBIM pa3pelieHHeM ~5 HC, ONpeAeNsieMbIM CIUHTUIUITOPOM, H

IPOCTPAHCTBEHHBIM pasperienuemM ~0,2 mm [14].

8 Ha puc. 3 mokazaHbl COpUEHTUPOBAHHBIE JIPYT OT-
 255,0
2231
H191,3
-159,4
11275
195,63

HOCHUTEJIBHO JIpyra H300paKeHHs, IOJyYEHHBIE
KaMepoi-oOCKypoil M IeieBoil pa3BEPTKONM B Xa-
PaKTEepHOM ITycKe 0€3 KOJUIMMAaTopa.

Ha pucynke BUIHO, 4TO (OKYyCHpPOBKA DIICK-
TPOHHOTO ITy4Ka MPOUCXOIWIA MPUOIU3UTEIBHO B
163,75 OJHOM MECTE B ABYX BPEMEHHBIX MHTEpPBallaX, CO-
31,88 OTBETCTBYIOIIMX JABYM IOJYNEPHOJaM TE€HEPALMH

0 POII Ilupuna (HOKYCHOro MATHA HA MOJYBBICOTE

50 100 150 200 250 300 350
HC OCBCIJ.IéHHOCTI/I, MOJIyu€HHasd IO HHTCrpaJibHOMY

mo BpPEMCHHU I/I306pa)KeHI/IIO C KaMepLI-06CKprI,

Puc. 3. JluneitHas meneBast pa3BépTka (6); PEHTTEHOBCKOE H30-
OpakeHHe, MOIYYEHHOE KaMepoi-00CKypoii, KOTOpOoe MacmTadu-
POBAHO M COPUEHTHPOBAHO BIOJIb IIEJIEBOU Pa3BEPTKHM (a); LBETO-
Basl IIKaJa OCBENIEHHOCTH Ha 000UX H300pakeHUsIX (6)
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coctapisger d = 11 mm. Tlonepeunsiit pasmep mep-
BOro (JOKYCHOT'O MSTHA, MPEJACTABICHHBIN HA HM30-
OpaxceHun pa3BEPTKHU, cocTaBusieTr 0; = 4,5 MM,
BTOporo — d, = 7,5 Mm.
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HpI/I OTOABUTAHUU KOJJIMMATOpa OT aHO,Z[HOfI

(¢onbru yckopeHue MOHOB MPOJOJIKACTCS: DHEPTHS 3,5
CT'YCTKOB MOHOB MOHOTOHHO Bo3pacTtaeT. Ha puc. 4 3,0
MOKA3aHbl 3aBHCHUMOCTH CPEIHEH DHEPTUU Epean U z L] »
MEIUAHHOTO 3HAYEHUS Emegian YHEPTHHM YCKOPEHHBIX g ' /"
MOHOB OT YyHAlCHHUs KOJIMMATOpa OT aHOAHOH & 207 '
¢donbru. S 154 /

Kak BHHO Ha rpaduKe, [IPH YIAICHAH KOIIAMa- 104 ,,'" i
Topa Ha 30 MM 3Heprusi MOJyYEHHBIX MPOTOHOB JIOC- ’ = -1 = 4
turana E, = 1,5—3,5 MaB, 410 COOTBETCTBYET 3HEp- 057 5 > S g

0

THAM, TOJYYEHHBIM B OKCIIEPUMEHTaX 0€3 MCIOJIB30- . . T r . T T
BaHus KojmuMmaropa [12]. Vicxons u3 mepednciieHHo-

ro, BUJHO, YTO BHE BHICOKOBOJILTHOI'O JHMOJA 33 aHOI- 3
Puc. 4. 3aBUCUMOCTH cpelHeit SHeprud E sy (—) ¥ MeauanHOrO
3HaYeHUS Epegian (---) PHEPTHU YCKOPEHHBIX HOHOB OT yaaseHus b
KOJUIUMATOpa OT aHOAHOM (oIbru

HOW (ONBrol K YCKOPEHHUIO HOHOB TOJAKIIOYAETCS
OJIMH U3 MEXaHU3MOB, YIIOMSIHYTBHIX BO BBEJICHUH.

AHAJIN3 PE3YJIBTATOB

MexaHu3M yCKOpEHHs MOHOB CaMbIM HETOCPEACTBEHHBIM O0pa3oM CBSI3aH C XapaKTepOM MPOTEKaHHs
3NIEKTPUYECKOT0 TOKA B BBHICOKOBOJIETHOM IHMOAE. XapaKTEPHBIMH BO BCEX ITyCKax SIBISIOTCS MOKa3aHHBIE Ha
puc. 5, 6 kojebaHUs Ha OCIMIIJIOTPaMMeE TOKa, TeKyIIero depes nuon npu rereparnuu POII. JlanHble Konebanus
CBUJIETETLCTBYIOT O Pa3BUTUH HEYCTOMUMBOCTH TOKA M MOSABISAIOTCSA B BHICOKOBOJBTHOM JIMO/I€ BHE 3aBUCHUMO-
CTH OT TOT'0, UCIIOJIb3YETCS JIM B KAUEeCTBE aHOAA TPEXMUWIIMMETPOBas CTajbHAas IUIACTUHA, WM MATUMHUKPOH-
Has ajqroMHuHUEBast Goybra. OTH KoNeOaHUs HEe SBIISIOTCS KAKUMU-TO JIe()eKTaMU PEruCTPalii CUTHAIIOB, YTO
MOHATHO 110 OCIMJUIOTPaMMe Ha pHC. 5, @, KOTOpas 3alKicaHa B SKCIIEPUMEHTE Ha KOPOTKO3aMKHYTYIO Harpys3Ky.
OOBsicHEeHNEM TOSIBIICHHUS OCUMJIISILIMNA TOKAa MOKET CIIY)KUTh PE3KOe M3MEHEHHE UMIIeJaHCa BEICOKOBOJIBTHOTO
JINOIa, 9TO, HanboJIee BEPOSITHO, CBA3AaHO C Pa3sBUTHEM MEPETSHKKH MM Pa3phblBOM TOKOBOTo Kanana [8, 10].
[lepuon sTux xonedanmii cocrasisier T = 2 He. Ha puc. 5, 6 mokazaH cUrHajg 4epeHKOBCKOr'O JIETEKTOpa, PEru-
CTPHPYIOIETO KECTKOE PEHTreHOBCKOe u3nydeHue ¢ hv > 200 k3B, KOTOpPbIi MPOMOIYIMPOBAH C TOM e Yac-
totoi Ha ~20% mno ammummTyzae. Ha puc. 3 n3-3a HeOCTaTOYHOrO BPEMEHHOTO pa3pelieHus pa3BEPTKU ITOU I~
HaMMKH CXXaTusl He BUHO, a HaOmoaoTes 0osee sipkue 00JIacTH Ha MIMPOKOM (pOHE PEHTTEHOBCKON 3aCBETKH
OT PacChIIAaHHOTO IO (OJIBIe IEKTPOHHOTO MyUKa.

1 1 1 1 a 1 1 1 1 1 6
2001 100
1004 0 -
04 ~1004 A7 cAB MR Skl
~100- 200 ‘ ““_ i i
T T T T —300 T T T L ' T T
-150 -100 -50 0 —200 -150 -100 -50 0
Bpewms, He Bpewms, He

Puc. 5. TUnn4HbIE OCHMUIOrPaMMbI TOKa BEICOKOBOJIBTHOTO AMO/A (—, KA), HaIpsDKEHHs Ha repesaronieil TuHuu reseparopa (—, kB)

M cWTrHaia 4epeHKoBckoro merektopa (UJI) (
nozioM (a) U B pabouem mycke ¢ POII (6)
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, OTH. e1.) peHtreHoBckoro mamydenus (hv > 200 k3B) B mycke ¢ KOPOTKO3aMKHYTBIM
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OrneHnM cBepXy XapaKTepHOE HaNpsDKEHHUE Ha MEepeTshKKe, Ipeoaras mojHoe BEITECHEHHE TIIa3Mbl U3 Heé
1 0OpBIB TOKA IPOBOIMMOCTH. B 3TOM citydae SHeprusi MarHUTHOTO TOJIS TIPEBPAIAETCS B SHEPTHIO JIEKTpOMar-
HUTHOH BOJTHBI, YTO COOTBETCTBYET B rayCCOBOM CHCTEME PAaBEHCTBY IEKTPHUECKOTO M MATHUTHOTO moJieii £, = B
[11]. B mpakruueckux emummmax E. [B/em] = 300-B[Ic] = 60I[A]/r[em] = 6:107 [B/em] mnomyunm
U =TrE; = 6 MB npu nomsom Toke | = 100 kA u r = 0,1 cM, rae XapakTepHble TOK U paauyc COKyCHPOBAHHOTO
My4Ka B3STHl U3 HAIIETro SKCIIEpUMEHTa. B 3T0ii OlleHKe IMHAa pa3pbiBa MOJIaraeTcsl paBHON paguycy Mmydka.

XBaTaeT JIH TAKOTO YIEKTPHIECKOTO MO TS JOCTIDKCHHS IPOTOHAMH CKOpocTH V = 3,4-107 m/c, cooTBeTCT-
Bytouiel sHeprun 6 MsB, nipu Bpemenu yckopenust t = 1 HC, paBHOM IOJIOBUHE MEpUOa KOneOaHHs TOKa B 3KC-
nepumentax Ha «Katpame», ysmaem wu3 omenkm: E, > mv/(et) = 1,67-10%(3,410')/(1,6:10%10°%) =
=3,5-10% [B/m], rle M 1 € — Macca | 3apsi IPOTOHA. 3HaueHHe mols E, 3HaunTensHO MeHsme E,, 4to cBuie-
TENILCTBYET B MOJIb3Y MOJIENeH, npemiokeHHbx bapenromnbuem [8] u [TatHemom [10] u cBs3aHHBIX ¢ pa3BUTHEM
HEePeTsHKKY B IUIa3Me MEXIy KaTOIOM M aHOJOM. Kak BHIHO M3 3THX OLEHOK, U JOCTHKEHHS HAOII0aeMbIX
SHEPTUil HOHOB IOCTATOYHO Ha MOPSAOK MEHBIIECTO BpEMEHN YCKOPEHHS IPU pa3BUBACMOM TOKE T€HEpaTopa.

HpI/I AHAJIN3C YCKOPCHUA MOHOB B J3JICKTPUYCCKOM IIOJIE BUPTYAJIBHOTO KaTO/a 3a BHICOKOBOJIBTHBIM JUO-
noM OyJaeM omupaThesl Ha N3MEPEHHUS TNIOTHOCTH TOKa Ha aHOAHOH (oJbre, ClieNaHHBIE ¢ IOMOIIBIO JIMHEHHOM
pa3BEPTKU B PEHTICHOBCKOM m3iyueHud [14]. DTi u3MepeHus Mo3BOJISIOT CBA3aTh IIOTHOCTh TOKA C TIOBEPX-
HOCTHOW IJIOTHOCTBIO 3apsiia U CAENaTh OLUEHKY 3a30pa Mexnay aHoaoM u BK. Monens pacuéra ocHOBaHa Ha
TOM, YTO 3JIEKTPOHHBIM MYy4YOK HApalIMBAaET CIOW Py 3apsja BUPTYAJbHOTO KaTo/a A0 TOJILMHBI, TOBOJAILEH
3HA4YCHHUEC INOTCHIIMAJIa UBK A0 3Ha4YCHUA, IPUMEPHO PABHOTI'O HAIIPAKCHUIO B BHICOKOBOJIBTHOM AMOAC I'€HEpaA-
topa Up [6, c. 187]. PaccMoTpuM IUIOCKHE Cllydail yCKOPEHHSI HOHOB TSl OIIEHKH HANPSHKEHHOCTH dICKTpHUYe-
ckoro mnoJis, uro B CU 3ammceiBaetcs kak E [B/M] = X/2¢egy, rie £ — NMOBEpXHOCTHAS TUIOTHOCTh 3apsjia, € —
OTHOCHTENIbHAS THAICKTPUYECKas POHUIIAEMOCTh Cpebl, & = 8,85:10 2 d/M — aBCoMIOTHAS AHAICKTPHIe-

Py
CKast MpOHHUIaeMocTh. Ecim p — koopanHaTa 1o HopMaiik K IOBEPXHOCTH aHo/a, TO Uy, = — IEdp.
0

IToBEpXHOCTHYIO MIJIOTHOCTB 3apsiia BUPTYaIbHOIO KaToa OLIEHUM, UCXO U3 N3MEPEHHOH TNIOTHOCTH TO-
ka POIT i [A/cM®] u 0603HaUas Kak Npsyyp CpeHee 3HAYCHHE TLIOTHOCTH SIEKTPOHOB B IIyUKe 33 aHOIHOM (oib-
ro¥f Ha Kakoi-To aucTanuuu pP. Ha atoii aucranumu cokycupoBaHHBIH Ha QOJbre AIEKTPOHHBIH MyY0K TOPMO-
surcs U orpaxkaerca or BK Hazan. ITnoTHOCTE myuka 3a 3TOM AMCTaHIMER PE3KO MaJaeT, COOTBETCTBEHHO H
JIIEKTPUYECKOE TIONIE MEPECTAET YBEIUIMBATRC: X = Npyp€P. MTak, i = Npyp€C/2, rme € — 3apsi dIIEKTPOHa,
C/2 =V — CKOpOCTb 3JIEKTPOHOB, KOTOPYIO MOJIOKHIN PaBHOH MOJIOBUHE CKOPOCTH CBETa B Bakyyme. Harmom-
HHUM, YTO Pa3HOCThb ITOTEHIMAIOB B BRICOKOBOJITHOM Auone reeparopa «Karpan» coctasnser Uy = 250 kB u
ANIEKTPOHBI TaM pasrousitorest go V ~ 0,75C. [lomyuaem B CH Ha yJaneHWH OT aHOAHOW (ONBIH, paBHOM p:
Esk [B/M] = ip/(cego) = 3771 [A/M]p [M]

Po
U = Up= 1/ (ces,) j ipdp = 188i [A/M?]-p? [m].
0

Io usmepenHoii miotHocTH Toka POIL, pasmoii i ~ 10 kA/cm® = 10° A/M?, u u3BectHOMY Hampsikenuio Ug
Haxoaum P; = 0,36 cm.

MOJKHO cziesaTh U KJIACCHYECKYIO OLICHKY PACCTOSIHUSI BUPTYAJIBHOTO KaTo/a OT aHoja P = C/mye [6, . 187],
IJI€ Wpe — IUIA3MEHHAs 4acToTa, KOTopasl Ja€T NMPH U3BECTHOH IUIOTHOCTH OCTaTOYHOI'O MOHM30BAHHOIO ra3a
3Hauenue p = 0,25 cm.

3a30p MeXIy aHOAOM M BHUPTYaJbHBIM KaTtoaoM emé oueHuM 1o Uy U M3MEpEeHHBIM 3HAYEHUSIM SHEPruu
WOHOB B 3aBUCHMOCTH OT PacCTOSHHS KOJUIUMATOpa JI0 aHOMHOW (onbru. Kak BHIHO M3 dKCIEpUMEHTa, MPH
b = 3 cMm sHeprus nonoB gocturaer 2,5 MaB, urto B 10 pa3 6onbire eUy. TTomyuaercs, 9T0 BCIEACTBHE ABIIKE-
HUSI BUPTYaJIbHOTO KaToAa MOHBI 10 pa3 ycKOpSIOTCS B BHUPTYJIBHOM JHOJE C Pa3HOCTBIO MOoTeHIuanoB U,
umeroreM 3ppekTuBHBIH 3a30p P, = b/10 = 0,3 cm.

CraenaHHbIe OLIGHKU JOBOJBHO OJIM3KM APYT K JIPYTY, YTO CBUAETENHCTBYET B MOJB3Y MOJEIN YCKOPEHHS
WOHOB JIBIKYIIMCSI BUPTYAIBHBIM KaTOIOM.
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BbIBO/bI

B nmpoBenéuHpIX dKCTIEpUMEHTax OBLIO YCTaHOBJICHO, YTO YCKOPEHHE MOHOB MPOUCXOAWT B JABYX MECTaX:
BHYTPH BBICOKOBOJIBTHOTO TMOJIa TEHEPATOpa M CHAPY)XH 32 TOHKOW aHOAHOHW (oibroit. Onupasch Ha H3BECT-
HBIE TEOPUH, OOBSICHSIOINE YCKOPEHHE HOHOB B YCIOBHUAX, OMM3KHUX K HAIINM JKCIIEPUMEHTaM, U Ha TpOBe-
IEHHBIE B 3TUX JKCIIEPUMEHTaX M3MEpEeHUs], ObLTH OINpeNeleHbl HanOoee BepOsITHbIe (PH3MUecKne MpOoIecChl,
MPUBOJSIINE K YCKOPEHHIO HOHOB.

B xaTog-aHogHOM 3a30pe IMoJa TeHepaTopa MpH SIEKTPHYECKOM TOKE, IPEBOCXOASIIEM allb()BEHOBCKHIA,
MIPOMCXOANT MUHYEBAHUE WM Pa3pblB TOKOBOTO KaHaia. JDTO MPUBOJAUT K MPAKTUIECKOMY MPEPHIBAHUIO TOKA
MPOBOJMMOCTH M TOSBICHHIO CHJIBHOTO BUXPEBOIO 3JEKTPUYECKOrO IOJs, MOMYTHOIO OCEBOMY ABM)KEHUIO
3JIEKTPOHOB U MHOT'OKPATHO IIPEBOCXOMAILErO IEPBOHAYAIILHOE 110J1€ TeHepaTopa. [lajee MOryT OCyIeCTBIsATh-
csl 1Ba MEXaHM3Ma YCKOPEHHs HOHOB. B mepBOM IJIOTHBIN CI'yCTOK 3JIEKTPOHOB, 00pa30BaBILMICS Ha OCH B
npolecce MUHYEBAHUS M JABWKUMBIA CHIBHBIM BHXPEBBIM IOJEM, MPOPHIBACTCS K aHOAY, YBJIeKas 3a coOoi
CTYCTOK MOHOB. BO BTOpOM MOHBI YCKOPSIFOTCS K aHOAY B CIEIYIOLIEH (a3e HapacTaHHUsS TOKa 3JIEKTPOHOB, KO-
I71a BUXpEBOE IoJie M3MEHAeT CBOM 3HaK. IIporecc yckopeHus MmoBTOpsieTCd MHOTOKPATHO B TE€UYEHHE OJIHOTO
IIyCKa FeHepaTopa.

B 3aanomHO# obnacTu mposIBIsieTCsT APYrol MeXaHU3M YCKOPEHHUSI HOHOB. 3a TpaHUIeii aHOTHOHM TIIIa3MBbl B
BaKyyMe o0pa3yeTcsi BUPTyalbHbBIH KaToll, ¥ B 00JaCTH KaTol—aHOA—BHUPTYaJbHBIA KaToJl BO3HUKAIOT OCIHJI-
JUpyromue 3MeKTpoHbl. CrycTKHM MOHOB M3 aHOJHOMW IJIa3Mbl YCKOPSIOTCS B CTOPOHY BHUPTYaJbHOTO KaToja.
OTOT BBHITSTMBAEMBIN U3 aHO/AA HEHUTPAIU3YIONINI MOHHBIM MOTOK NMPUBOJMUT K PACIIMPEHUIO 00JIaKa OCIUILIHU-
PYIOLIHNX 3JIEKTPOHOB H MEPEMEIICHHIO BUPTYaJIbHOTO KaTo/1a, B CBOIO OYEepE/Ib YBIIEKAIOIIETO 32 cOO0M NOHKI B
npollecce HEMPEPHIBHOTO YCKOPEHUS. Y CKOPEHHE HOHOB JI0 BBICOKUX DHEPruil cBsizaHO ¢ OoJiee TINTEIBHBIM,
YeM IMPOLIECCHl YCKOPEHHs B KaTOI-aHOJHOM MPOMEXKYTKE, IBHKEHHEM BHPTYaJIbHOTO KaTo/a Ha JJIUHY MOPS-
Ka HECKOJIBKUX MEX3JIEKTPOJIHBIX 3a30pOB. JTO MOATBEPKAAETCS MOTYUEHHBIMU 3KCIEPUMEHTAIBHBIMU JIaH-
HBIMH O BO3pacTaHUU YHEPIHUH HOHOB MPU YAAJICHUU KOJUTUMATOpa OT aHOJAHOH (oIbru.

Astops! OnarogapsaT 3a nogaepxxky HULL «KypuatoBckuit mactutyt (mpukas Ne 2073 ot 09.10.2020) u
BeIpakatoT mpusHatenbHocTh K.B. UykOapy u 10.I'. Kanununy 3a o0cyxaeHne pe3ynbTaToB paboThl U 1OJIe3-
HbI€ KOHCYJIbTALIH.
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